We present near and mid-IR observations of a sample of Seyfert II galaxies drawn from the 12µm Galaxy Sample. The sample was observed in the J, H, K, L, M and N bands. Galaxy Surface Brightness Profiles are modeled using nuclear, bulge, bar (when necessary) and disk components. To check the reliability of our findings the procedure was tested using Spitzer observations of M 31. Nuclear Spectral Energy Distributions (SEDs) are determined for 34 objects, and optical spectra are presented for 38, including analysis of their stellar populations using the STARLIGHT spectral synthesis code. Emission line diagnostic-diagrams are used to discriminate between genuine AGN and HII nuclei. Combining our observations with those found in the literature, we have a total of 40 SEDs. It is found that about 40% of the SEDs are characterized by an upturn in the near-IR, which we have quantified as a NIR slope α < 1 for an SED characterized as λf λ ∝ λ α . Three objects with an HII nucleus and two Seyfert nuclei with strong contamination from a circumnuclear starburst, also show an upturn. For genuine AGN this component could be explained as emission from the accretion disk, a jet, or from a very hot dust component leaking from the central region through a clumpy obscuring structure. The presence of a very compact nuclear starburst as the origin for this NIR excess emission is not favored by our spectroscopic data for these objects.
INTRODUCTION

Unified Model
The presence of well-collimated radio jets in radio loud Active Galactic Nuclei (AGN), and the expectation of an axis of symmetry defined by the geometrically thin accretion disk, argue for strong anisotropies in the central engines of AGN. This implies that the appearance of an AGN will depend on the observer's position relative to the system's axis. Following this reasoning, and to explain a wealth of observational evidence, the Unified Model postulates that Type I and Type II AGN are the same kind of object, but that they appear distinct because of the difference in angle between the central engine's axis and our line of sight. Support for this model has been particularly strong in the case of Seyfert galaxies. Optical spectra of Seyfert I objects show Broad Emission Line Regions (BLR); those of Seyfert II objects do not. Explaining this as an orientation effect, with obscuration of the central source, goes back to at least Osterbrock (1978) , who suggested that both types are physically the same, but that in Seyfert II galaxies the BLR is blocked from our view, probably by dust in a toroidal structure surrounding the central source. Below we summarize some of the work that followed and supported this thesis.
Evidence for obscuration of Type II objects comes from the excess absorption in X-ray, UV and optical wavelengths, when observations are compared with Type I nuclei (Lawrence & Elvis 1982; Mass-Hesse et al. 1993; Turner et al. 1997; Malkan et al. 1998; Risaliti et al. 1999) . Recently, Shi et al. (2006) have shown a clear correlation between the column densities derived from X-ray data and the strength of the 9.7µm silicate feature: Type II systems with large hydrogen columns show large absorption features, while objects classified as Type I often show the feature in emission.
In those AGN that are radio-loud sources, the radio structure appears to be aligned with the torus axis (Wilson & Tsvetanov, 1994; Nagar et al. 1999; Barbosa et al. 2009 ). This anisotropy is also observed in the cone-like structures of the Narrow Line Region, where the torus collimates ionizing radiation from the central source (Pogge 1988a,b; Falcke et al. 1998) .
In the IR, detection of broad components from hydrogen recombination lines such as Paβ and Brγ in objects optically classified as Seyfert II galaxies is consistent with extinction along a line-of-sight that grazes the torus surface, sufficient to suppress the BLR emission at optical wavelengths, but optically thin in the infrared (Ruiz et al. 1994; Veilleux et al. 1997 Veilleux et al. , 1999 .
More direct support for unification comes from the HST, which has imaged an extended nuclear structure of ∼ 90 pc in NGC 4261 (Jaffe et al. 1993) , while interferometry observations are starting to shed light on the inner obscuring torus (Wittkowski et al. 1998 Weinberger et al. 1999; Swain et al. 2003; Jaffe et al. 2004; Weigelt et al. 2004; Meisenheimer et al. 2007; Tristram et al. 2007 Beckert et al. 2008; Kishimoto et al. 2009 Kishimoto et al. , 2011 Raban et al. 2009 ).
There is also evidence for structure in the obscuring material.
Changes in broad line profiles (Penston & Perez 1984) and inferred column densities imply the presence of clumpy structures, leading to variable obscuration of the central engine as they move across the line of sight (Risaliti et al. 2011 (Risaliti et al. , 2009 Puccetti et al. 2007; Elvis et al. 2004 ) (although the column density variations are more likely to correspond to obscuration by BLR clouds than the torus).
Finally, the most famous, and arguably most convincing evidence in support of the Unified Model comes from optical spectropolarimetry of Type II objects. Antonucci & Miller (1985) found scattered emission from the BLR in polarized flux from NGC 1068, strongly supporting the idea of unification by orientation, and so implying the existence of an obscuring structure. Their work was extended by (Young et al. 1995 (Young et al. , 1996 Moran et al. 2000) .
Spectral Energy Distribution
The Spectral Energy Distribution (SED) is an important tool for studying the central engine in AGN. In most luminous and intermediate luminosity AGN it can be characterized by two bumps -one peaking in the UV and the other in the mid-IR -and an inflection point between, at ∼ 1.5 µm (Elvis et al. 1994) . The UV feature (the "Big Blue Bump") is normally identified with emission from the central accretion disk, while the IR flux is assumed to originate in the dusty obscuring structure, the torus. The latter has a broad SED, with a peak somewhere between 5 − 30µm, decreasing slowly towards the far-IR. The emission mechanism is believed to be thermal reprocessing of central, optical-UV emission by dust at a wide range of temperatures -the highest (∼ 1000−1500 K) corresponding to dust closest to the central engine.
Obtaining the SED of the torus in AGN is difficult for a number of reasons.
First, the SED inflection point matches the peak in starlight emission from the host galaxy. In intermediate luminosity Seyfert galaxies the host galaxy contribution is often comparable to the emission from the nucleus, flattening the optical-IR region of the SED and lowering the relative strength of the UV and IR bumps. To study the nuclear SED, galactic starlight must be removed.
Second, until recently, only small size IR arrays have been available, making it impossible to image the complete host galaxy for nearby sources, compromising the modeling of the surface brightness distribution.
Third, observations at λ 10µm can only be achieved from space, which are characterized by lower angular resolution.
Fourth, and finally, observations obtained at different epochs can be affected by variability. Fortunately, the torus region is large, damping most variations of the central source, so this is not expected to be significant. The number of compiled AGN SEDs in the literature increases constantly, but many of them incorporate data gathered by different groups using different instruments; this often implies data of different resolutions, analyzed in different ways. To properly study the emission from the dusty torus in AGN, and to accurately infer physical and geometrical characteristics, this paper describes a more homogenous dataset. We have constructed nuclear IR SEDs of a sample of 48 Type II Seyfert galaxies using near-and mid-IR high-resolution ground-based images (described here), and modeled them in clumpy using the approach of Nenkova et al. (2008a Nenkova et al. ( ,b, 2002 ) (described in a companion paper, (Lira et al. 2012) ). The main contribution of this work is the number of objects we study, and the detailed treatment of the nuclear SED construction.
In §2 we present the sample, observations and data reduction, including the optical spectroscopy and the stellar population analysis. §3 describes, in detail, the path from IR images to the final nuclear IR SEDs of our sample, including the analysis of M 31 to validate our methodology. Section §4 discusses the results and possible interpretations. A summary is presented in §5
OBSERVATIONS
The sample used in this work contains all Seyfert II galaxies from the Extended 12µm Galaxy Sample (Rush et al. 1993 ) that are located in the southern hemisphere. The 48 objects are described in Table 1 .
The 12µm Galaxy Sample has several advantages over other catalogs. Most importantly, it is selected in the mid-infrared (MIR), giving a more representative population of nearby (z≤0.07) AGNs. In comparison, optically-selected samples can miss obscured systems and are more susceptible to the effects of host galaxy reddening (e.g., Huchra & Burg, 1992; Maiolino & Rieke, 1995) . This is important because a wide range of nuclear obscuration (hydrogen columns of ∼ 10 22 − 10 25 cm −2 ) can provide more general tests of nuclear emission models. In addition, the 12µm Sample includes elliptical, lenticular and spiral galaxies (which helps avoid systematic errors in the decomposition process of the surface brightness profiles) and a wide range of galaxy inclinations (which allows the importance of galactic, as well as nuclear, absorption to be assessed).
However, the sample may be biased towards Seyfert II sources with strong star formation (Buchanan et al. 2006) -the stellar IR emission can compensate for a weak AGN component, increasing the likelihood of inclusion in a flux limited sample. This might explain the prevalence of star formation in Seyfert II galaxies when compared with Seyfert I nuclei (e.g., Maiolino et al. 1995) .
Our analysis of the central region of galaxies is built on extensive studies of the 12µm Galaxy Sample at many wavelengths, from radio to X-rays (Spinoglio et al. 1995 (Spinoglio et al. , 2002 Rush et al. 1996b; Hunt et al. 1999ab; Bassani et al. 1999; Thean et al. 2000 Thean et al. , 2001 Imanishi, 2003 Imanishi, , 2004 Gorjian et al. 2004; Strong et al. 2004; Buchanan et al. 2006; Tommasin et al. 2008 Tommasin et al. , 2010 Wu et al. 2009; Gallimore et al. 2010; Baum et al. 2010) , including spectropolarimetric observations (Tran 2001) . Note. -In column (2), ≀ indicates Compton Thick (CT) sources. In column (4) we give the galaxy inclination obtained from the mean ellipticity (e = 1 − b/a) of the last fitted isophotes in the near-IR bands ( §3.1); 2 nuc indicates the detection of 2 nuclei in the center of the galaxy, close enough to prevent reliable SBP fitting of 2 separated galaxies; lost indicates that the observations of the galaxy were lost, either because of the size of the galaxy compared to the detector (bad sky subtraction), or because of non-photometric observing conditions (NGC 424, §2.2.1). In column (7), V indicates observations made in visitor mode and S indicates observations made in service mode. In column (9), G04 indicates observations made by Gorjian et al. (2004) The initial classification of objects in the sample, by Rush et al. (1993) , was based on existing catalogs of active galaxies (Veron-Cetty & Veron 1991; Hewitt & Burbidge 1991) . Since then, as better optical spectra became available, some objects have been reclassified. To verify the classifications, and to study stellar populations, we obtained high quality optical spectroscopy for 38 objects. The analysis of these data is presented next. the nebular and stellar components of the nuclear spectra.
The data were reduced using IRAF 1 software. Standard reduction procedures (bias subtraction, flat-fielding, slit illumination correction) were followed. Extraction of the galactic spectra used a window of width ∼ 2.2 ′′ . Wavelength calibration used comparison copperneon and copper-argon lamps.
The spectra were corrected for the foreground extinction tabulated by Schlegel et al. (1998) using the empirical extinction function of Cardelli et al. (1989) .
We determined the stellar component of the spectra using the STARLIGHT spectral synthesis code developed by Cid Fernandes et al. (2004 . A total of 45 different stellar population templates were used, covering an age range of ∼ 10 6 − 10 10 years and a metalicity range of 0.2 − 2.5 × Z ⊙ . The best fit spectrum was found by minimizing χ 2 after masking all emission lines. Following Cid Fernandes et al. (2004 Fernandes et al. ( , 2005 we grouped output from the population synthesis into 3 age groups: a Young component (Y: t < 10 8 yr); an Intermediate component (I: 10 8 < t < 10 9 yr); and an Old component (O: t > 2.5 × 10 9 yr). The results are presented in Table 2 .
The best-fit stellar models were subtracted from the observed data to give pure emission line spectra. This reveals weak emission lines present in targets with significant intermediate age stellar populations. Table 2 contains the measured emission line flux ratios.
Diagnostic diagrams were constructed using emission line fluxes and are shown in Fig. 1 . The diagrams allow us to distinguish different ionizing mechanisms of the emission nebula using line ratios that are sensitive to changes in the spectral shape of the ionizing radiation (Baldwin et al. 1981; Veilleux & Osterbrock 1987; Kewley et al. 2001) . In this way we can test the identification of the sources as Seyfert nuclei.
We will discuss possible contaminants in Fig. 1 by type. First, we argue that there is little evidence for LINERs in our sample.
In panel (a), there are no data points in the LINER region. The border between the HII and LINER regions is defined to include all star-forming models (it is calculated from the highest possible line ratios), but the [NII] λ6584/Hα ratio for star-forming regions and LINERs can overlap (Kewley et al. 2001) , so LINERs can be located to the left of the border. Also, theoretical models of shock-excitation give line ratios in the LINER region only when no precursor is observed (Allen et al. 2008) . For both these reasons panel (a) does not discriminate these two classes of object well.
In panel (b), variations in density can introduce uncertainties in the [SII] λλ6717,6730/Hα ratio, so objects should not be classified as a LINER based purely on this diagnostic (Kewley et al. 2001 ).
Given the above, and the single LINER candidate in panel (c) which gives the most reliable test, none of our sources can be firmly classified as a LINER nucleus.
Second, four sources systematically appear in the HII 
Note. -Columns (5) and (6) are in units of 10 −14 ergs/s/cm 2 . Unreliable flux measurements (blending and calibration issues) are labeled with ':'. Columns (7) to (10) report the logarithm of the flux ratios. Column (11) is the Balmer decrement. *: Spectra for both nuclei in MRK 463 were obtained.
section of the diagrams, consistent with the classification of Gallimore et al. (2010) . These are: NGC 5953 (but see next), MCG +0-29-23, NGC 6810, and MRK 897. Also, NGC 34 appears systematically close to the starburst region.
NGC 5953 was classified as an AGN by Rafanelli et al. (1990) after making a careful identification of the nuclear source, which can be confused with a bright star-forming region located 3 ′′ to the West. Unfortunately we centered our slit on the star-formation knot and the slit orientation did not include the nucleus, so our optical spectrum is of the wrong object. The IR images, however, are dominated by the nuclear region -the star-forming region can also be seen, but is much less prominent. The determined SED, however, suggests that contamination by this circumnuclear starburst or a compact nuclear starburst is present ( §4.1).
One of the most reliable signatures of an active nucleus is the detection of luminous, hard X-ray emission. We checked the literature for X-ray data on MCG +0-29-23, NGC 6810, and MRK 897, but found little support for classification as Seyferts. Strickland (2007) presents the discovery of a starburst driven wind in NGC 6810 from XMM-Newton observations, and explains that the claim of a hard L x ∼ 10 42 ergs/s source in this galaxy was due to the misidentification of a HEAO1 source. Upper limits of L x < 1 × 10 42 and 6 × 10 41 ergs/s in the soft band were reported by for MRK 897 and MCG +0-29-23.
Given the above, NGC 5953 seems to harbor a genuine Seyfert II nucleus, but MCG +0-29-23, NGC 6810, and MRK 897 do not. Contamination by a starburst component in NGC 34 and NGC 5953 seems likely. We will present data for all objects in this work, but exclude the three canonical HII nuclei from analysis in paper II. Table 3 ; typical seeing conditions (for a H 0 =70 km/s/Mpc) are summarized in Table 4 .
Imaging and data reduction
NIR observations
Observations in the near-IR bands followed the usual strategy for this wavelength regime: several images of short integration time (3-20 seconds) are obtained, to avoid saturating the detector and to minimize fluctuations in sky brightness; the location of the object on the detector is changed for each image, to subtract the sky efficiently and to avoid bad pixels.
The data were reduced, in part, with the XMOSAIC task from the IRAF XDIMSUM package. Darks were subtracted and flat fields applied. Sky images were calculated from a masked median of the object images or from the mean of sky-only images.
Sky images were subtracted and results were registered and shifted before co-adding. The standard deviation per pixel was calculated from an exposure map.
The observations with ISAAC in visiting mode were done under non-photometric conditions. Flux calibration was achieved using field stars found in the 2MASS catalog 2 as standard flux calibrators. This strategy did 2 This publication makes use of data products from the Two not work for NGC 424, which had no field stars in the galaxy frame, and those observations were lost.
MIR observations
At these wavelengths the atmosphere is very bright, and temporarily and spatially variable; the telescope and surroundings also emit and reflect radiation. So observations were made using standard chopping and nodding techniques.
Mid-IR detectors are small, and the probability of finding a star in the same frame as the galaxy is slim, so each mid-IR galaxy observation was followed by observation of a star to determine the Point Spread Function (PSF). Known standards were used for flux calibration.
The ISAAC mid-IR observations were reduced with the ECLIPSE "jitter" pipeline. In a number of cases observing conditions degraded at the end of the integration, so some of the nodding series were discarded by hand.
The Gemini N band data were reduced using the MIDIR task from the IRAF GEMINI package. When pipeline results were compared with a reduction by hand the images were very similar.
CONSTRUCTING THE SEDS
The SEDs contain nuclear magnitudes extracted from near-and mid-IR images. In §3.1 we describe how 1-D brightness profiles are calculated from 2-D images; the modeling of these profiles, to separate the nuclear component, is described in §3.2.
Determining the Surface Brightness Profiles
Deep IR images of a sample of Type II Seyfert galaxies were obtained. These images cover the entire galaxy, but only the nuclear emission is needed for the SED. To deconvolve the galaxy into its different components -bulge, disk, bar, and nucleus -we first determine the radial Surface Brightness Profile (SBP) of the galaxy (Kotilainen et al. 1992; Zitelli et al. 1993; Alonso-Herrero et al. 1996; Prieto et al. 2001 Prieto et al. , 2002 . The main advantage of this 1-D approach is that smaller structures (spiral arms, HII Regions, rings) are diluted relative to the more fundamental structures (bulge, disk, nucleus and bar) and the quantity of data that must be fitted is reduced from ∼ 500×500 pixels to ∼ 200 points.
The task ELLIPSE from the IRAF STSDAS package is used on the sky subtracted images to obtain the SBPs. A manual masking removes contamination from different sources that might distort the isophote fitting, like foreground bright stars or other galaxies. ELLIPSE fits ellipses to the galaxy isophotes; these are described by the center coordinates, the position angle and the ellipticity. The center coordinates were held fixed while the other parameters were allowed to vary. A linear radial sampling was used, with steps of 0.5-1 pixel, depending on the size of the galaxy. In cases where the edge of the galaxy was too faint and the ellipse fitting process did not converge, the fitted isophotes observed in other images were adopted. In order to take into account the Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation.
inclination of the galaxy, the SBP was corrected using the mean ellipticity of the last fitted isophotes.
Modeling the Surface Brightness Profiles
Most spiral galaxies can be described using a disk, bulge, optional bar, and, sometimes, an active nucleus. Historically each component has been modeled with a specific analytical function. These are described below.
Nucleus -The nuclear point source is modeled using Dirac's Delta:
So the nuclear SBP is described by:
where σ n is the nuclear surface brightness.
Disk -The disk is modeled using an exponential law:
where σ d is the surface brightness of the disk at r = 0,
, and r d is the disk scale length.
Bulge -The bulge is modeled using a general Sérsic's law:
where n is a free parameter and b n is defined by:
where Γ is the (complete) gamma function, and γ(2n, x) is the incomplete gamma function defined by
Common values of b n are b 1 = 1.678, corresponding to an exponential SBP, and b 4 = 7.6692, corresponding to a de Vaucouleur's profile. The most usual analytical expressions for b n are b n = 1.9992 · n − 0.3271 for 0.5 < n < 10, and b n = 2n − 1/3 for n 8 (Graham 2001; Graham & Driver 2005) . In this work we adopt the first approximation, because the typical values of n are between 0.5 and 4 in the IR bands (Balcells et al. 2003; Hunt et al. 2004; Grosbøl et al. 2004; Kormendy & Kennicutt 2004 ).
Bar -Many galaxies in the sampled are classified as barred, and approximately 2/3 of all spiral galaxies classified as non-barred look barred in the IR (Kormendy & Kennicutt (2004) , and references therein). In order to model the bar, a second general Sérsic's law was included in the model, which introduced 3 new free parameters.
Final Model -The final model is the sum of the 3 or 4 components convolved with the image PSF in order to introduce the effect of the seeing: 
The Point Spread Function
To determine the correct parameters for the galaxy profile we need a precise representation of the PSF describing the seeing and instrument response of each observation. For our NIR imaging, the PSF is very accurately determined from a star found in the galaxy frame, which guarantees the same distortion for galaxy and star. In the MIR imaging the star is observed before and/or after the galaxy and, as the integration is quite long at these wavelengths, seeing conditions can change significantly. This means that the MIR stellar PSF may not accurately match the galaxy. In such cases the bulge profile is taken from the NIR fit, but scaled to match the external part of the observed profiles, and the nuclear flux was obtained assuming F nuc = F gal − F bul . See Appendix A for details.
The PSF radial profile was obtained using the same technique as the galaxy profile (Section 3.1) and then modeled with a Moffat function to allow for interpolation / extrapolation when fitting the galaxy profile. The Moffat function is similar to a Gaussian, but has more extended tails which better fit the effects of seeing, as shown in Fig. 2 . It is given by:
The Fitting Routine
To measure the nuclear flux -i.e., to deconvolve the nuclear emission from that of the galaxy -the radial SBP was modeled using the expression described above (Eqn. 7). The fitting routine uses the "Downhill Simplex Method in Multidimensions" first proposed by Nelder & Mead (1965) : the minimization process starts with an initial guess from the user and then takes a series of steps exploring the available parameter space of the problem until it achieves the termination criterium which is, typically, an insignificant variation between one step and the next.
As the algorithm does not guarantee that the minimum found is global, it was started from 4 or 5 extreme points of the parameter space: the first initial guess includes all the galactic components of the model with comparable contributions to the total flux; other initial points each zero one of the components. These first guesses are not completely blind, but instead are based on the morphol-ogy seen in the images. An iterative process that randomly perturbs the initial point is also included. Tests showed that 200 iterations were sufficient to reliably find the global minimum, which corresponds to the model that minimizes χ 2 ; the percentage contributions of the galactic components are obtained from this model.
Errors in the fitted components
The flux of each fitted galactic component has two main sources of uncertainty: the first from the flux calibration (the zero points, obtained by the standard calibration procedure) and the second from the fitting process. The confidence limits for the fitted parameters, determined using the fitting routine described previously, are calculated using Monte Carlo simulations: the bestfit parameters are perturbed (one at a time) to construct many synthetic data sets. Each of these synthetic data sets has a particular χ 2 syn value and the first confidence level (corresponding to 1σ error), which occurs 68.3% of the times, corresponds to the cases where
The final errors are calculated as the quadratic sum of the individual errors for the two sources of uncertainty.
Synthetic Data
Synthetic data were used to test the fitting routines. SBPs of different "kinds" of galaxies were constructed: including all components equally; all components with very small or very large contributions; omitting one or more components; with wrong PSFs; and with different sampling steps (for the galaxy and the PSF star).
The first test recovered the parameters of the synthetic SBP. The routine gives excellent estimates of the parameters for galaxies composed of 3 or 4 structural parameters with non-negligible contributions to the total emission. In cases when one or more components were not present, the results were also good, corresponding to observed examples like the non-barred galaxies, or a couple of cases where nor disk nor bar is observed. Including all the 4 components might give a better χ 2 , because there will be more free parameters, but if the image does not show a bar, for example, it is obvious that it should not be included in the fit.
Next, changes in the PSF were used to test the effects on the results (i.e., using a wrong PSF to describe the seeing conditions). We found that the results could be recovered (this is, at least 2 of the initial starting points could reach the actual solution) whenever the FWHM was narrower or broader by up to 50% of its real value. These tests apply especially to the mid-IR observations: as the integration time is long, the probability of a change in the seeing conditions between the observation of the PSF star and galaxy is greater.
The truncation of the galaxy profile severely affects the performance of the fitting routine. Fortunately there are very few such cases in the observations, and then, typically, only one of the broad-band images is affected, which means that results can be checked with the unaffected profiles and parameters constrained appropriately.
Finally, it is found that the sampling step is not particularly important, providing that the PSF is sampled by a finer discretization than the sampling of the galaxy. Note. -The scale lengths are expressed in arc-seconds. The bright excess in the central part of the galaxy profiles is modeled as a bar in the IRAC bands and as a nuclear component in the 2MASS bands (due to the differences in pixel scale). The disk is not included in the 2MASS fits because of the smaller image coverage. See text for details.
Messier 31
To test the SBP fitting procedure, Messier 31, the Andromeda galaxy, was studied in the same way as the objects in our sample.
Images of M31 were taken by IRAC as part of the Spitzer General Observer program, ID 3126, in August 2005. Barmby et al. (2006) measured the SBPs by fitting elliptical isophotes to the images using the ELLIPSE task. Profiles in the three longer wavelength bands (at 4.5, 5.8, and 8.0 µm) were measured using the ellipses fitted to the 3.6 µm image, so that colors could be measured at the same spatial locations from all 4 bands. These profiles were kindly provided by P. Barmby (Barmby et al. 2006) . Images in the J, H, and K bands were obtained from the 2MASS public catalog. The profiles were constructed using ELLIPSE. However, M31 is so close that the 2MASS images do not cover the full extent of the galaxy: while Spitzer -IRAC covers 4000 ′′ in radius, the images of 2MASS cover only ∼ 500
′′ . This compromises the results for the disk component in the 2MASS data.
M31 is one of the nearest galaxies, and all galactic components can be detected in all the IR bands, which is not the case for the galaxies in our sample. The SBPs of M31 were fitted from 1.25µm to 5.8µm (Fig. 3) . The 8.0µm SBP was not included because it is dominated by a 10 Kpc star-forming ring and individual stellar features. The 5.8µm SBP was truncated at ∼ 1300 ′′ to avoid wiggles produced by the 10 Kpc ring. The relevant fitted parameters are listed in Table 5 .
It is interesting to note the bright excess in the central part of the galaxy profiles. This excess is modeled as a bar in the IRAC bands and as a nucleus in the 2MASS bands (due to the difference in pixel scale). Peng (2002) studied the central region of M31 in detail using the H ubble Space Telescope (HST). He modeled the center of the galaxy using 6 components to account for 3 different peaks of emission in UV and optical images. However the UV peak disappears in the near-IR images and the 2 V-band peaks diminish, so here we assume that the nucleus/bar fitted by the process is real, but the pixel scale does not allow a more detailed modeling.
As the disk could not be fitted in the 2MASS profiles only the fitted radius of the bulge is compared: 700 pc in the J band, 862 pc in the H band, 787 pc in the K band, 1140 pc at 3.6 µm, 983 pc at 4.5 µm, and 795 pc at 5.8 µm. The dispersion of these values about the mean is between 20 and 30% and they show no significant systematic change moving toward longer wavelengths.
The results corroborate some naïve expectations: unless there are strong color gradients within each of the structural components (the bulge, disk, and/or bar) the scale lengths should remain fairly constant for the galaxies in our sample, while the brightness scale factor should decrease from the NIR to the MIR as the stellar populations become dimmer. Also, since the bulge has older stars and is redder than the disk and the bar, it is expected to be the brightest component in the mid-IR.
Given these findings for M 31, we decided, when fitting the SBPs of the galaxies in our sample, to constrain the scale lengths in the MIR using the values fitted in the NIR, since the very dim stellar components under-determine the fitting at these wavelengths. See Appendix A for details.
GALAXY FITTING RESULTS
The fitting of the SBPs for each of the galaxies in our sample was done assuming the model described in §3.2. Visual inspection of the images and the Hubble classification of each galaxy were used to check for coherent results.
Fitted parameters are generally consistent between observing bands. The following is a brief summary of the results, which are also presented in Table 6 .
No disk or bar was detected in the M band, while the bulge was detected in 7/28 sources. In those objects the bulge contributed a mean brightness of 44% to the total flux. Only one bar was detected in the L band with a contribution of 17%. In the NIR bulge, disk and bar (if present) have similar contributions of ∼ 30-50%.
Seven out of 105 near-IR fits require a null nuclear contribution. The mean percentage contribution of each galactic component is summarized in Table 6 . A mean nuclear contribution of 10% is found in the NIR bands (JHK), while a strong increase can be seen in the MIR, going from ∼ 40% in the M band to ∼ 100% in the M and N bands.
The percentage contribution of the nuclear component in the J, K, L and M bands is shown in Fig. 4 as a function of the OIII luminosities (tabulated in Paper II). It can be seen that, as expected, the percentage nuclear contribution increases for more luminous AGN, as indicated by the OIII measurements (Kotilainen et al. 1992; Alonso-Herrero et al. 2001 , 2003 .
The fitted parameters for the galactic structures are tabulated in Table 7 . In Appendix A details of the individual SBP fittings are given. The fits for the MIR profiles of all the galaxies are shown at 2 different scales: a detailed one (bottom panels), showing the central part of the galaxy, and a global one (middle panels), where the whole galaxy is observable.
Spectral Energy Distributions
The constructed nuclear IR SEDs are shown in Fig. 5 . The nuclear fluxes and standard deviations for each observed band are summarized in Table 8 . Here we include the SEDs already determined by Alonso-Herrero et al. (2001, 2003) . Upper limits when the galaxy was undetected in L, M, and N bands are also shown.
There are some cases where a lack of photometric points prevents us from obtaining a good SED, as with NGC 1194, IRAS 03362-1642, ESO 33-G2, NGC 4941, and NGC 7590. The SEDs of both nuclei in IRAS 00198-7926 are similar and do not determine whether the northern or southern nucleus (or both) corresponds to the AGN.
Visual inspection of the SEDs reveals that we can broadly group most of them into two types depending on the NIR behavior: one group shows a "classic" bellshaped SED, as expected from the emission of a dusty torus, while the remaining SEDs show a much flatter NIR spectral distribution, with a clear excess with respect to the first group. We have quantified this behavior by measuring the NIR slope of the SEDs and classify them depending on whether the slope α (λf λ ∝ λ α ) is larger or smaller than 1. Individual and average SEDs for these two groups can be seen in Figure 6 . The tabulated Note. -In column 'Number' we indicate the number of fits which include that particular component over the total number of images available in a particular band. Results obtained by AH03 are not included in this Table. values for the NIR slope are shown in Table 8 . Notice that some values have rather large errors and therefore the classification can be ambiguous. The possible nature of the SEDs presenting a NIR excess is discussed in the next section and further analysis can be found in Paper II.
In the same figure we also include the SEDs of the three HII nuclei found in our sample and of NGC 34 and NGC 5953 where contamination by a starburst component is likely. It can be seen that the morphology of their SEDs clearly departs from the bell-shaped spectra of the first group of Seyfert nuclei and are somewhat closer to the second group of Seyfert galaxies, as it is also noted by the flat value of their NIR slopes (see Table 8 ).
Near-IR excess
In a Type I Seyfert, where the inner region of the central source is directly observed, the accretion disk can make a significant contribution to the total near-IR emission. Recently Landt et al. (2011) and Lira et al. (2011) have shown that this is necessary to explain the continuum around 1µm in these objects.
A "typical" Type II source, on the other hand, should have an SED that decreases monotonically towards shorter wavelengths. But inspection of the SEDs in this work shows several NIR SEDs with a clear excess which resembles Type I systems (see Fig. 5 and Table 9 ).
All galaxies in our sample had an early classification as Type II systems (with MCG -3-34-64 being classified as Seyfert 1.8, NGC 5506 as a Seyfert 1.9, and NGC 7130 as a LINER). However, as noted above, more recent observations show that NGC 6810, MRK 897, and MCG +0-29-23 correspond to HII nuclei, while NGC 34 and NGC 5953 might have contamination by a starburst component. An IR excess is expected for these objects because, in the absence of an active nucleus, the Rayleigh-Jeans emission tail from cold stars dominates this spectral region for moderately old starbursts (∼ a few dozen Myrs). This is clearly observed in other starbursts and extensively modeleded (e.g., Efstathiou et al. 2000; Dopita et al. 2005; Rodríguez-Merino et al. 2011) .
The remaining Seyfert II objects that show an IR excess require alternative explanations; we discuss various mechanisms below.
A traditional torus -a spatially continuous structure with large optical depth -would completely obscure the accretion disk in Type II objects, but a clumpy torus gives a non-zero probability of observing the central source at any orientation; the latter scenario is increasingly accepted and could explain some near-IR emission.
Alternatively, a nuclear jet could make a significant contribution to the observed near-IR fluxes. In this case the emission would be due to synchrotron instead of thermal processes. Jet emission is found to be prominent in radio-loud AGN and in relativistically boosted radioquiet AGN (also known as radio-intermediate AGN; Falcke et al. 1996; Barvainis et al. 2005) . Radio-loud AGN are defined as those with R L > 100 (where R L = F 5GHz /F B ; Kellermann et al. 1989) , radio-intermediate AGN are those with 3−10 R L 100, while radio-quiet AGN have R L << 10.
We have compiled 5 GHz measurements for our sample and determined R L by computing L bol from measured [OIII] fluxes and then turning them into nuclear B fluxes following Marconi et al. (2004) . The resulting R L values are presented here for the SEDs with NIR excess and in Paper II for the complete sample. We found that ∼ 30% of the sources with NIR excess can be classified as radio-loud (F 01475-0740, NGC 4501 and NGC 7496); only two additional radio-loud sources present a bellshaped SED (F 04385-0828 and NGC 7172), representing a 10% of that subsample. NGC 4501 presents a rather peculiar SED, with a power-law distribution across the entire 1-10µm range (see Paper II). In this case synchrotron emission might explain the spectral shape.
In summary, jet emission might explain some observed features in the infrared SEDs, but the link is not proven and does not explain all cases.
A very hot dust component has been proposed to explain near-IR emission in Mrk 1239 and Mrk 766 (Rodríguez-Ardila et al. 2005; Rodríguez-Ardila & Mazzalay 2006) . These are type I AGN, which provide an unimpaired view of the hottest dust region, and emission from this dust -possibly carbonaceous grains surviving inside the silicate sublimation radius -appears as an excess superimposed on the disk component. Interestingly, the peak observed in these two sources is clearly distinct from the putative torus component (which is not observed in these sources as no data are available beyond 4µm).
Similarly, a hot dust component was used in other works when modeling the near-IR region of Spitzer spectra for powerful QSOs (Mor & Trakhtenbrot 2011 , Mor et al. 2009 , Schweitzer et al. 2008 Deo et al. 2011) . They argue that this component is required to fit the NIR part of the spectrum and that disk emission can only contribute significantly at 1µm, but not enough at longer wave- Note. - † indicates when most of the SED measurements were determined by AH01 and AH03 (see Table 1 for more details); * indicates data from Joy & Ghigo (1988) and Maiolino et al. (1995) . Caution must be taken because of the very different dates of the observations when compared with our shorter-wavelength data. ‡ N-band observations from Gemini and G04 only provided upper limits. ♮ NIR slope α (λf λ ∝ λ α ) was tabulated using least square fits to the data. ø Photometry for NGC 7582 will be complemented with observations from Prieto et al. 2010 and Ramos-Almeida et al. 2009 in paper II. IRAS00521-7054  ESO541-IG12  NGC1068  NGC1194  NGC1320  IRAS04385-0828  ESO33-G2  IRAS05189-2524  NGC4388  NGC4968  NGC5135  NGC5506 lengths. Therefore very hot pure-graphite dust emission is proposed. A similar very hot dust component could explain some of our observations, but, because of its location inside the torus sublimation radius, it again requires a clumpy absorbing medium to explain its detection.
IRAS00198-7926 S
A very compact nuclear starburst might have a significant contribution to the nuclear fluxes. To test this hypothesis we have looked at the positions of Seyfert nuclei in the diagnostic diagrams presented in Figure 1 , where nuclei with a NIR excess are shown with a square. It can be seen that there is no clear segregation of these nuclei towards the HII location in the plot. Also, these nuclei do not show preference for the presence of a very young stellar continuum as shown in Table 2 .
Finally, a young and luminous nuclear stellar cluster could contribute to the observed near-IR emission. However, with an absolute magnitude z AB = −13 for the most luminous examples (Cote et al. 2006 ) their flux is not sufficient to make a significant contribution to the observed SEDs.
SUMMARY
We have constructed nuclear IR SEDs of 40 Type II Seyfert galaxies from ground-based, high-resolution observations. The images were collected between 2003 and 2004, to reduce variability distortion of the SEDs as much as possible, and under good seeing conditions.
We also obtained optical spectroscopy for most of the sample.
The spectra were modeled using the STARLIGHT code to characterize their stellar continuum properties and emission lines were used to classify the spectra as active or HII nuclei. Three objects from our sample most likely harbor a starburst nucleus and not an AGN, in agreement with other findings.
The surface brightness profiles of each galaxy, in each observed band, were constructed by fitting elliptical isophotes to the images. The profiles were then modeled using a nucleus, bulge, disk and, where necessary, a bar. This procedure was tested using synthetic data and IR observations of the Andromeda galaxy, which showed that the scale length of the different galactic structures does not change when observing at longer wavelengths. This allowed us to fix the scale lengths in the MIR when analyzing undetected components of distant galaxies. Careful modeling of the PSF was also included to take into account seeing distortions.
The fitted SBP parameters for any particular object are generally consistent between bands. In some cases, as in IRAS 03362-1642, NGC 4941, and NGC 7590, no nuclear component was detected by the deconvolution process in the NIR.
A variety of SED shapes is found in our sample, despite the common Type II Seyfert classification. About 40% of the Seyfert SEDs are characterized by an upturn or excess in the near-IR. The 5 objects with strong starburst emission (3 HII nuclei and 2 Seyfert nuclei with strong contamination from nearby starburst regions) also show a similar excess. For genuine AGN this component could be explained as emission from a jet, the accretion disk, or from a very hot dust component, leaking out from the central region through a clumpy obscuring structure.
The presence of a very compact nuclear starburst as the origin for this NIR excess emission is not favored by our data.
We are forever indebted to Roberto Cid Fernandes for his help using the STARLIGHT code. LV gratefully acknowledges fellowship support by project MECESUP UCH0118, and partial support from Fondecyt project 1080603. PL is grateful for financial support from Fondecyt grant No 1080603. This publication was also financed by the ALMA-Conicyt Fund, allocated to project N 31060003. A.A.H acknowledges support from the Spanish Plan Nacional de Astronomía y Astrofísica under grant AYA2009-05705-E. Finally, PL wants to express all her gratitude to A. Cooke for his never-ending support. It is evident that the galaxy is extended unless a strong variation in seeing conditions degraded the galaxy image to a level where no point source can be detected. Adding the fitting results in the near-IR and the resulting Spitzer spectra after star-formation subtraction, it seems this galaxy has at most a very weak AGN.
NGC 1144 -This is an interacting system (NGC 1143/44, Arp 118) and the disk of the Seyfert galaxy is very distorted. Comparing the J, H, and K band images it is evident that the K band is less contaminated by the tidal tails, yielding well behaved parameters for the disk. Using these values to constrain the disk parameters in the J and H bands fitting results are consistent in all 3 bands. Results are plotted in Fig. 7 (online) and clearly show excess emission in the outer parts of the galaxy in the J and H bands, coming from the streaming material. In the L band all 3 components are discernible and the parameters are consistent with those of the NIR once the disk size is constrained to be larger than the bulge size. The galaxy is point-like in the M band, so all the emission is considered as nuclear and no fitting is needed.
MCG -2-8-39 -This is a very nice example of a barred galaxy. The NIR fits were obtained without any restriction, and the results are consistent. The L band profile was fitted without disk or bar due to the bulge dominating the central region; the size and index of the bulge had to be constrained using the NIR values.
NGC 1194 -This galaxy has a highly concentrated bulge (n B ≈ 3.3). The results were obtained constraining the index value of the K band profile to that found in the J and H band fits.
NGC 1320 -This galaxy was fitted limiting the effective radius of the bulge in the K band.
IRAS 03362-1642 -The resulting fit of this galaxy does not include a nuclear component in the H and K bands. In the J band a weak nucleus appears, with a contribution of 1%, almost negligible. The bar is very dominant in all 3 bands.
IRAS 04385-0828 -To fit this galaxy it was necessary to constrain the bulge Sérsic's index in the J and H bands to the value found in K.
NGC 1667 -This galaxy has a very complex morphology, which prevents the determination of a reliable profile fitting in the 3 bands observed. Hence no SED was obtained.
ESO 33-G2 -No restriction was needed in J and H bands to fit this galaxy. In the K band the disk scale length was constrained to be larger than the bulge and bar sizes, obtaining consistent results for all the parameters.
IRAS 05189-2524 -In order to obtain a consistent fit to this galaxy the disk size in the H band was constrained to be larger than the bulge size. In the K band the first point of the radial profile is lower than the second and third points. This is due to obscuration that can be observed in all the raw images in this band, as shown in the left panel of Fig. 8 ; this first point is not included in the fitting process. In the N-band profile all the emission comes from the nucleus.
ESO 253-G3 -This is an interacting system whose two nuclei are too close to fit reliably. Hence, no SED was obtained.
MCG +0-29-23 - Fig. 7 (online) shows the fitting results for this very special object. The results barely change from one band to another and the galaxy is very extended even in the L band. It is not clear whether the central spheroidal component corresponds to a bulge, since the images and the fitted Sérsic's index both resembles more closely a bar. In any case, bulge and/or bar, the contribution to the central emission can be determined, even if it is not possible to unveil the exact nature of the component.
NGC 3660 -This galaxy is very large, and due to the small size of the detector the galaxy has been truncated in the J and H bands. In order to determine the real value of the disk parameters the K band image was used and then these fitted values were used to constrain the disk parameters in the J and H band fits, excluding the profile for r > 45 ′′ . In the L band, the profile with r > 2 ′′ was skipped because it is mostly sky contribution. The parameters of the bulge were restricted to those obtained in the J, H and K fits.
NGC 4501 -This is a huge galaxy compared to the detector, so the PSF was taken from the standard star. The only restriction needed to obtain consistent results was that the disk size was larger than the bulge size in the J and H bands. In the L band the change in seeing conditions is evident, and to overcome this problem the bulge was fitted for r> 3 ′′ , constraining only the Sérsic's index; the nucleus is then computed as F nuc = F gal − F bul . The galaxy was not detected in the M or N bands. The upper limit in the N band is that obtained by Gorjian et al. (2004) .
TOL 1238-364 -The fit to this galaxy in the NIR bands does not include the bump produced by the ending of the flocculent arms between 16 ′′ and 23 ′′ . In the J and H bands a disk scale length larger than the bulge size was imposed. In the K band the bulge index was constrained to have similar values to those found in the J and H bands. In the L and M bands the bulge and disk parameters were constrained to values found in the NIR fits. It seems that seeing conditions changed between the observations in the M band, since the PSF star did not produced an acceptable fit for the nucleus, so the bulge was fitted and the difference between the galaxy and the bulge was considered as the nuclear contribution, i.e., F nuc = F gal − F bul .
NGC 4941 -This is a very big galaxy, which means that, again, the PSF is not contained in the galaxy frame but comes from observations of the standard star. Unfortunately the standard star is not a good approximation to the galaxy PSF, resulting in a null detection of a nucleus in the 3 NIR band fits. However, the galaxy was also not detected in the L and M bands, so it may also be that no detectable near-and MIR emission is associated with the active nucleus.
MCG -3-34-64 -Without special constraints, the fitted NIR parameters are consistent. In the L and M band the seeing between the observation of the galaxy and the observation of the PSF star seems to vary, resulting in a poor fit in the L band. In order to fit both profiles, the bulge was fitted with the values found in the NIR fits and the nuclear contribution was calculated as F nuc = F gal − F bul .
NGC 5135 -The bar in this galaxy is very strong and the disk is not seen in the IR images. Between 1 ′′ and 3 ′′ there is a bright star-forming region, dominating the profile at all wavelengths; this region was excluded from the fit in all the profiles. The galaxy profile in the M band looks slightly broader than the PSF star, but the bulge component is not able to account for it, so a change in the seeing conditions is assumed to be responsible. The nuclear flux is calculated from the integration of the galaxy profile for r ≤ 1 ′′ .
MRK 463 -This is an interacting system whose two nuclei are too close to fit reliably. Hence, no SED was obtained.
NGC 5953 -The bump observed near r=6 ′′ was excluded because it is produced by the ending of the flocculent arms. In the L band, the seeing is worse in the galaxy observation than the PSF star, as can be seen in Fig. 7 (online) . In this case, the results of the J, H and K band fits were used to fix the values of the bulge parameters and the flux of the nucleus was estimated as F nuc = F gal − F bul .
MCG -2-40-4 -The bar and the disk are indistinguishable for r 2 ′′ so the fitted component in the L-band is a mixture of both structures. The bulge parameters in this band were constrained to values found in the NIR to reliably separate it from the mixed bar-disk component. The M band profile was fitted with the bulge effective radius and Sérsic's index constrained to the values found in the NIR.
IRAS 15480-0344 -Barely no restriction was needed to obtain a good fit in NIR bands. In the L band only a nucleus and a bulge were fitted, and the index of the Sérsic's law was limited by the values found in the NIR bands.
IRAS 19254-7245 -This is an interacting system whose two nuclei are too close to fit reliably. Hence, no SED was obtained.
NGC 6810 -To obtain a good fit for this galaxy bumps in the radial profile produced by two large star forming regions were not considered. In the L, M and N bands, the seeing was better in the observations of the PSF star than in the observations of the galaxy. It is impossible for the bulge to account for the difference at r 0.5 ′′ . Fixed values for the bulge parameters were used, similar to the values found at shorter wavelengths, and the nuclear flux was estimated as F nuc = F gal − F bul . The extended emission of this galaxy in the N band is an exceptional case.
NGC 6890 -To fit this galaxy the bumps at r ≈ 15 ′′ and r ≈ 30 ′′ were excluded from the fitting process because they correspond to the ending of the flocculent arms. In the L band the signal beyond r ≈ 4 ′′ corresponds to sky emission. The galaxy in the M and N bands is consistent with being point-like, so no fit is performed.
IC 5063 -This galaxy is classified as SA0, but the best fit uses only bulge and nucleus components (no disk), which get stronger from shorter to longer wavelengths. In the L band we restricted the values of the parameters of the bulge to be close to the values found in the J, H and K fits. In the M band a change in seeing is evident, causing the PSF star to be sharper and narrower than the galaxy. The bulge parameters were frozen and only the nucleus was allowed to vary. The galaxy is point-like in the N band, so no fit is needed.
MRK 897 -In the L band the object fell too close to the edge of the image and it was not possible to obtain the profile necessary to accurately determine the bulge contribution, so the bulge parameters were restricted to have values similar to the J H and K ones.
NGC 7130 -The only restriction needed to fit the NIR bands was that the disk scale length was larger than the bulge effective radius. In the L band the seeing apparently varied between observations of the galaxy and the PSF star. In order to obtain a reliable nuclear flux, the bulge component was fitted between 2 ′′ and 4 ′′ and the parameters constrained to be as close as possible to the J, H and K values. However, the fit to the galaxy was not adequate (mainly in the innermost region), so the nuclear flux is estimated as F nuc = F gal − F bul . In the M band, the galaxy looks almost point-like so no fit is needed.
MCG -3-58-7 -The disk size in the K band image was constrained to be larger than the bulge size. In the L band, only a nucleus and a bulge were included, and the index of the bulge was constrained to have a value similar to those obtained at shorter wavelengths.
NGC 7496 -While fitting this galaxy, the K band bulge index had to be restricted by the values obtained in the J and H bands. Also, the disk scale length was restricted to be larger than the bulge effective radius. In the L and M bands only a bulge and a nucleus were included. In L the bulge size was restricted by the values found in the NIR bands; in M the size and index of the bulge component were constrained by values found at shorter wavelengths.
NGC 7582 -The NIR images show a prominent galaxy, orientated nearly face-on, and two very weak arms with a different apparent inclination angle. In the literature this system has been characterized by an inclination angle of ∼ 60 degrees (Morris et al. 1985) , corresponding to the disk traced by the weak arms. The galaxy has a strong star-forming region near the nucleus, which is also observable in X-rays (Bianchi et al. 2007) , so the region near r ≈ 2.5
′′ was not included in the fitting process.
NGC 7590 -This galaxy was observed twice in the NIR, once in service mode and once in visitor mode, with a different detector each time. The two fits gave consistent results. The point source detected in the NIR bands contributes at most 0.3% to the total flux. In the L and M bands, no point source was detected, again suggesting a very weak AGN. After subtracting the star forming component (see Paper II) a Spitzer -IRS spectrum of NGC 7590 showed only a weak AGN continuum.
CGCG 381-051 -This object was not detected in the L and M bands. In the J, H and K bands the fit did not include the region between r ≈ 15" and r ≈ 20", which correspond to the end of the galactic arms. The H band results were used to contains the bulge index in the K band and the bulge size in the J band. Although the bulge is small it can be distinguished from the bar in all images.
